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THE REPLACEMENT OF NITRO-GROUPS
IN THE BENZENE RING.

INTRODUCTION

A.

The latest oonception of the atom as consisting of

a8 positively-oharged nucleus surrounded dy s rotating system

otvnegativo electrons, now almost universally asoccepted, leads
to the following oconclusion:
The neutral atom, by the gain of one electron may become
negatively charged; conversely, by the loss of one electron
the atom mdy become positively oharged.

This 1mpo:tant statement is the basis of the theory of the

Electronic Conception of Valeneo, &8 presented by H.S. Fry.l

From it, the following important suppositions are msde:

(1)

(14)

(111)

The diatomic molecule, Xp, may be considered to under-
g0 & process of "olebtronic dissooiation™ represented
thus: X = E + i.

Any other diatomic molecule, undergoing the same pro-.
ocess, would likewise give: ¥ = Y 4 §. On combin-
ation with & molecule of: (Xp 5)-; + X, the two
possible forms Y-*X and Y*=X may be imsgined to
result in a oondition of "electronic tautomerism".

In the representation: Zp = i + i, agoording to the

nature of the element X one or the other of the two



forms X and X will tend to be the more stable; if the

electron be designated by the symbol C) , the conver-

sion of one form to the other may be represented thus:
¥+02X; X+02X d.e., x+2022X

This of oourse assumes some substance to be present

which is ocapable of supplying the electrons.

(iv) The above scheme may now be represented as a possiblo
explanation of the tautomerism mentionod under (1i):
!—*—xsr+x=(!+e)+i-'f+x (% + ©)4x =

¥+ Xs vrox.

Now, the actusl existence of X and X may be supposed
in the following ocases: - ﬁ;i andla; , Where X=H, since Na and
F are respectively eonaidérod to be one our most sharaoteristic
positive ana negative elements., Again, a similar argﬁmant
holds for Bﬂl and'ﬁ:ﬁ;si in the case of Cl, and further, in
the case of iodine, we have thevfaot that IC1l hydrolyzes thus:
IC1 + ﬁQEH s ﬁéi + §Q5h, showing I to be E in Eéi, whereas
we are led to suppose it 18 1 1n4§3.

There is no reason to suppose that this effeot is
limited to univalent atoms, , and therefore we have the
following five possibilitiea for tho quadrivalent carbon atom:

+c+ +0+ +0- ~G' -g'
which, when combinod in every conoceivable manner in the form
of a olosed ring of six carbon atoms, give 8ix and only six

poauiblo oontisura&iona for the benzene ring of the "cantrgp"
: I Je X X o




It will be noted that the preceeding six formulae may
be converted to conform with the Kekule type by joining the
gentric bonds in pairs, thereby obtaining either contraplex or
duplex double bonds as the oase may be; but it is gquite imater}
ial which type 1s considered -- in either ocase the outer bonds

have alternate positive and negative values in each of the six
poseibilities. |

The underscored statement above is the key to the
electronic explanation of substitution in the benzene nucleus,
sinee this faoct demands the existence of hydrogen atoms of
utomato polarity in tha compound benszene itscl!:

-+c /ﬁ > }c‘ _A and by analogy, any other atom
\*/\ +§ +“+ or group or atoms substituted
a4$/ N ﬁ/ vcﬂ

in the nuoleus for the hydrogen,

must havo the same polarity that the original hydrogen possessed.
Since the full formula of the benzene nucleus is

very awkward to work with, the following ebbrevistion will be

henceforth used, and applies equally well to either of the 8ix

4urned throvah 60°
posaible formulae menti}?ned '_orev:v.ou:sil.;r+ ( taking formmla I, as

c HE. + A '
an example.) H—c(f>c—H o HeZ5NCH — -
ﬁ—-ct‘f"c ~§ < ML, = 56 j

Finally, the olectronic tautomeriau may be extended
not only to introduce the existence of positive and negative
atoms, but of total polarity of groups of atoms, as ih the
case of the CN group recorded dy Nef:®

-4 + =  p= — 4+

CiCN + B-OH = HCl + HO-CN
+= + = + - + =
ICN 4+ H-OH = HOI + H-ON



The tendency of any particular atom or group is to
act with more or less preference for a certain polarity, though

 and leads to the

in some oases this preference is very slight,
following classification of some of the commoner substituents
in the bensene ring:
OH, €1, Br, I, NHg, OHg, ete., Where the tendency x exceeds I,
COgH, COH, SOgH, NOg, etec., where the tendenoy I exceeds X.
Thet any group may function positively or negatively
is at once evident in the consideration of the di-substituted

grtho bengene compound in the light of the present theory:

+
N0,

;"_ e N-OQ_

H

B.

The preoceeding brief outline of the logical sequence
of faots that lead to the theory of alternate polarity of the
carbon atoms in the benzene ring suffices to 1ntrodﬁoo the
actual sub ject of this inveatigation; namely, to gather evidenace
either for or against the sbove thodry by experimental replaob-
nent of variously-oriented nitro groups in benzene oomjounds.
The replacement was to be effected by alkali-motal hydroxides,
8ince the only concoivablo reaotion. (taking a simple case)

0634(308)2 + laDH s oang(noa)(on) + naxog
would result in a differentiation between positive and negative
nitro groups since only ibg can be imagined to partake in the



o -
formation of characteristio NaNOp where the mutually satiafied
polarities are acceptedly distributed as indicated.

At this point it may be well to consider ﬁhe
electronie structure of the ﬁogogroup itself.,

Eitrous acid, HHQa,‘prosents two possibilities
of form but only one possibility of polarity with respeot to
the -NOg group:-
I 49 evident that -
the nitrite formed is derived from form (II),while form (I) is

. + >0 - - _ ’
nf-—'-grijo (1), BE=0-*s=Zo0 (11)

possibly that from whieh the nitroparaffins are derived.

Sinoce, however, the NOg-group is only introduced

into the bensene ring directly through the agency of HNOz, not

HNOg, 1t Will be found that the only possible elsatronic form-
ula of nitrie acid oontains a NO,-group _ +20 .

that is positive instead of nogat:vo as n:-o._z!;ED

in the case of nitrous acid. This fact 4
leads to the important conoelusion that only tyoao KOa;gronps
whioch havgigoen direotly substituted in the ring should be
rcplaooabio by alkali hydroxides, sinoe the positive, dirgotly-
substituted group would not tend towards the formation of
3;4§62. Any such replacement as might ocour in the latter

cage may however bé explained by the process of tautomerism

mentioned under (iv) on page II.

Let us now examine the possibilities of distridbut-
ion of these positive and negative NOp-groups in the ring.
Commencing with bengene iteelf, suppose it to be



mono-snbstitutod hy nog aoeording to the resoction:

6535-H B HO""'NOg - 0635—;03+ Hy0.
Since the HOp has been shown to have the tendenoy to reaot as
a positive group, it is logical to'aasnmm the replacement of a
positive hydrogen as previously explained; this eliminstes

three alternate positions in the ring as not being favorable

for substitution, leaving only ome possibility: _ @;

for the eleatronic formule of nitrobenszene +§\\,/;;
singe eaoh of the remaining three positions -

are aquivalcnt. A similar argument leads to the following

N%. as the only possible di-nitrobensene since
+L,\¢/}Jh poeitions 2 and b are egquivalent not only
in polarity but from the standpoint of 1somer-
ism, Pinally, ' the produot of the. final direct nitration of
bengene leasds to the aymmetrioal 1—3-5 trinitrobenzene, and no
other direct nitration produots have ever been obaorved4 except
in minute traces, The action of alkali-hydroxides on the
above three compounds should theoretiocally be nil, though any
replacement sotually occurring might be explained by the action

of the alkali on the seocond eleotromer in each case:

o, NO, 0o, Mo, !‘7-01. 0,
A TR e Ty Y
o B [ T+ =Y e
+ e .,F"_ }_.\ - L ~_ - NOy . = ‘\‘«,»'"0:. ’NO; rToz mz\ )NO,_
-— + -

The curious faot now presents itself that the
4+ -
symmetriocal 1-3-5 trinitrobenzene whenaoted upon by NaOCHg,
instead of giving traces of the compound (i) below a8 might be

expected from the electromer (vi) above, aotuslly 311035 (11):
: OCHg OCH;

c“sOOO% o No,_@woz



If the indirect nitration of the bensene ring be
now allowed, we find that many ocombinations of polarity of the
NOp-group are now possible. No second nitrobenszene should be
formed, since the nitrd group, having & positive tendeney,
would always give the one electromer where the group is positivv.

The isomeric demand for three diénitro benzenes

ealls for the three eleotronic arrangements (A,B,C,) below:

* Y, -
(/N-Q\’:\ ﬁbz ‘Q’-\ ;J'(’) y/ﬁbz /doz | 176,_ — NO,
| Rhac i ! } B i
g < K/ ’ \ .\\(’/:/ e" k\"\ 4 . 9 i ,\\f; L Noz N~ . ,Noz
ml ~02 .

togethsr with their respective electromers, (a,b,o,]).

It 48 noticed that the elsotromers (a,b,) should present no
difference in behavior towards HaCH to their originating forms
(4,B,); all four having one negative nitro group in common,
which should be replaceable. If C, (which should not be
aocted upon) gives apprecisble quantities of o, then both NOo,-
groups should be replaced equally but not necessarily quanti-
tatively. This is a very important oaneiuuion. ‘

If a negative group such as OH is alresdy in the
ring; fqllowing the laws of isomerism and the eleotronic the-
ory, a dirootly;substitutod NOg~-group has a choice of two pos-
itione in vhich to enter, instead of only one as in the case
where the group already in positioen (NOg) 18 positive. These
two possibilities together with the possibilities of further
direot nitration are indicated below:

- — —_— - —

OH OH oH oH oH

+ + el 4 + . F
4 ONO;. +O+ ) + Onaz J&ZUNOZ Nozuoz
- - - - ? - — - — —_

+ Nos noj + Nos*

L]

-



Experimentally, it is found that the products
formed by direct nitration of phenol agree with these five
forrmmlae, and that any other isomers must be formed indirectly.

The introdunetion of more than three nitro groups
in the bunzan§ ring is exceedingly dittioult, the fourth group
having to be substituted by very indirect methods, and in all
cases, ﬁho ocompounds so formed are most unstable. Such would

Pe expected from the aconsiderations presented above,

The object of this investigation therefore resol-
ves itself into the oonverse problem of ascertaining if the
replacement of the variously-substituted nitro groups oocurs
in such & manner as to support the theory whioh has been ad-
vanced to interpret their original introduetion,

This replacement, performed by the agonoy of NaOH,
KOH, (poseibly HNaOCgHg and KOGgHg), should lesd to the form- |
ation of sodium or potessium nitrite in either case. It was
expeocted that by quantitative eetimation of this nitrite com-
bined with inveatigation of the produet of eubatitukion, no
d4iffioulty should be experienced in following the progress of
tho.lubatitﬁtion. Many methods of snalyzing nitrites have
been made atlndarn,'and should prove adaptable to this case,
it was thought. ‘

When the actual analysis came to be made however,
diffioultioeironc whieh hindered the progress of the investi-
gation for over a year. Tho discussion of these ‘and their
final solution will form the topic of PART I.



THE REPLACEMENT OF NITRO-GROUPS
IN _THE BRENZENE RING.

e s s

A review of some studies in replacement of nitro-
groups in various bengene derivatives by other
workers, and s comparaison of their results with
those predicted by the Eleotronioc Theory.

A

Coneideration will firast be given to purely nitro-der-

ivatives of benzene, then to more complex oompoundn.'

Ko evidence in the literature reviewed could dbe found
bearing on the direct replacement of the NOp in nitrobensene
by alkali-hydroxides.

In abstracts published by the Journal of the Chemioal
Sooiety, London, of the work done by C.A. Lobry de Bruyn (de B.)
much valuable information was gathered concerning the behevior
of poly-nitro benzene oompounds. Teking these in order of
oomplexity the following faets are noted: (The numerals in
parentheses refer to the list of references at the olose of
this wori; the words "favorable" and "unfavorable"” refer to
the suthor's copclusion regarding oonformntian to thoory.)

NO, NO,
(6) (7) N0, Pavor-
(8) (9) O S able.
0." N°z oeu

‘ , ) (11) - ..QQE ) hl
+* a ..



( 6) ( 10) _NaOEY_ ON —N ) Favorsble
~ o/ NOz ?

NO,
% N Unfavorable, and
(1g) NaOEg ;o most unusual,
> Jore

(o) @-ﬂ% s o Ol
- oz- '"2. 0 L1
NOT

OH™ poth favorable.
{5) (13,

(15) no,, o, _ N0,
O " O"“ QN
dil.
"?61 | Nea O "og No:ug NO
both favorable.
+
(5) (13) N ONe -

NeOMe
. v —, ~ + HaNOgp Unfavorable.
NO NO, Noz Mz

?

r

aH N v
N‘ LCOQ + a
NO Nad '“ N\ﬁy : / .4-
4

untavorshlo * NV, favorable M

' Ko
mhouoz e ¢ O + KNO,

1 Douhtmc

The last three runltl make the validity of the original
assumption of three positive nétro-groups questionadble.

S I:G_Oz NaOMe = OMe
(B) - = - Favorable.
O‘NO‘, '&3_



Iobry de Bruyn finally states'®)that the sotion of
alooholie KOH or even of aqueous alkuline on nitro-ocompounds
usually yields complioated aso-derivetives although KNO, is
nearly slways formed at the same time. See also (18).

With respeot to the influence of water on the ocourse
02 theresotiona of sodium ethylate, Lobdry dae Bmynm has the

interesting note: b
__NaOET, N0z
No2 OEt
Nf‘ NeoEE Noz
NOZ + HLO OEt ON(L

vhere the $ of the (a) oompound inoreases rapidly with the %
of aloohol present.

Passing on to the more complex nitro-ocompounds, var-
jous workers have ocontributed the following:
le anthranilic- acid,
O%Z conc. ::33%.’31310 "
~ Nad# o-nitrosobensylaleohol

o-asoxytoluol

Me

m-asoxytoluol, and on longer

(16) _ o, heating, m-asotoluol.
NO,_ No OH

.

Me

cond.
NadR

compounds similar to adowe.
No,*

This genersal ocomplexity of aotion is further borne out
by the following reactions , and by the reference (18):



e ., .
(17) N_o_l NalHe 3 0”‘ N—
NU2 NO,_ o’

unfavorable favorable
Me e
(a7) Ko O also .?p :lgck inag%.proguot)
4 —2Ue probadbly stildbene der.
: " Noz Ooﬁe and .6gm of a dark red resin-
¥ N0 h ous product soluble in
2 N0 alkalies.
favorabdle
Me
-’
(m it _Naote NG,
:« (only a very small yield)
ruora.blo
R No complicated brown
; * NaOH _ amorphous products
Me soluble in alkali and
No, w; reprecipitated by aoid.
- o, - _ M NG,
a ~
n@ " + c 411 favorabdle.
b o,
+
N9 r:ol

*
¢l &
*
L SIS !
LY

The above six compounds were investigsted by Holleman
by letting them reaot with NaOMe. The group replaoced is marked
by sn "x". Replacement is inocomplete probably in the first oase.

NO
(m) . } NGQHQE M0 N 4 3 & ) Coutra-
4 \ -+ ‘ dietory.



' There now follow some cases that do not f£all in any
mos? of which
partioular grouping, ssd-in-wmost-—oases were recorded with an

entirely different object in view on the part of the worker.

e

E‘l @ Cl
Jackson o) .+ ., —NadMey no reaoction,
& Boos NOp  NO NO, both favorable.

-

¢l

r + 0Me
(22) NﬂONOL NaONG ON43,
80, NoS favorable.

¥ +

No'l- - N0, PTO,_ -
NOy Noz
. + +
¢l al a oMe

Cl N0,
incomplete rnoralhlo favorable
+
Ibb:tlon Ny NGz | b
Ak O K
l A A r +
(28) NG & - (4] G .
NO, Cl
reagent incomplete inoomplete inoomplete
not +
mentioned NO, No +
" - i . Me
S O NG
¢n b + @ .
3 NOy
incomplete favorable favorable

In commtins upon the above six ocompounds, the word
"unfavorable™ is not used when a negavtive chlorine atom fzils

to be displaced as expeoted; “incomplete"reaction prodably
being the t;-uc gause.

N0, b +

Guis, HOOC ) N0 m” , ey
( 2b ' 0 ) + + ?l
t NOy Q

favorable No, favor.

Z24+ &



Finally, the following interesting ocase showing the
0ase with which a fourth nitro-group is displaced, is drawn

from cohen:24
¥ +#
- N02 - Nol
ho NO H,0 1y Y
+ : b Hf O:‘ + HNO,_
N0, No, NOA__AND,

favorable

Many other cases of displacement of nitroégrcnpe nay
be found in the literature, but in many cases the object in
view was 80 entirely different, that the suthor dces not feel
Justified in inoluding sny other than those where the reagents
used would indicate the formation of nitrites.

It will be seen that the author has dased his assump-
tions of polarities of the original ocompound upon the fact that
any NOp-group replaced must have borne a negative sign, henoce
giving s starting-point from whioch to evaluate the remaining
groups, This has in a few ocases led to somewhat anomalous
results, but nevertheless remains the most probable indication
of the said polarities.

The oftcnémcntionod production of asoxy-ocompounds as
reaction produnots indicates a reducing sction of the reagent:
12 this ie 80, the simmltaneous formation of a nitrite does not
seem very plausible, as it would be oxidiszed to nitrate by the
liberated oxygen; the ioduoing power of the reagent not being
sufficiently strong to kbop the nitrite as suoch. The reaotion
may however be much more complex, as indicated by the conoom-

itant formation of still more complicated ocompounds.



In oconoluding this review, it may be well to mention
the comparative pasucity of information regarding the nitro-
compounds of nsphthalene with respesct to the action in question.

?ry’zﬁ

following the same argument as for bensene,
derives the same abbreviated formula from the only two possible

electronic forms that can be constructed from the different

combinations of the six types of ocarbon atoms previously ment-
ioned. It will bde éoan that the polarities afo distridbuted
symmetrioally dbqﬂt a vertiosl centre line, ocausing the polar-
ity of the hydroé&n atoms to de nonQaltornatins,‘ This leads
to the probabdle difference in behavior that may be expected
between 1;5 and 1;8 di-substituted naphthalene derivatives

(the most common derivatives) due to the fact that in the 1-6
compounds the substituents should have different polarities
while in the 1Q8 compounds, the polarities should be the same.

The followieg examples show a diversity of reaction:

OH
hot Kod




THE REPLACEMENT OF NITRO-GROUES
IN THE BENZENE RING.

® V09 e

BIPERTMENTAL -- PART 1.

1. The various methods of estimating the amount
of reylasement that had ococourred, with faots
leading to the abandonment of eaoch.

oS e

(L) Pitration of excess elkalis
{(a) by added indicator,
{b) by first formation of prooipitata
(o) by eleotric conduetivity measurement

(B) By the use of "nitron" to quantitatively
precipitate nitrite as nitron nitrate;

(C) Reduction of nitrite to NHz by means of
aluminium in the alkaline solution

(D) Measurement of volume of nitriec oxide liber-
ated by action of mercury and conc. HpSO4 ;

*

(B) Titration of iodine liberated by the action
of potassium iodide on the nitrous acid.

L AL B L I B BB KK BN KB N

A
@
The first method of analysis that suggested itself

was due to consideration of the equations:
OgHy(NOg)p + NaOH CcH,(OH)(B05) + NaNO,
CgH,(NOg), + NaOBt CeH, (OEt)(NO,) + NaNO,

It is seen that alkali is used up without being replaced by an

equivaelent amount of other alkali. Thus, if the titration
of the alksli used sgainst s standard acid were Xnown, the



amount of alkali used ﬁp in the reaction could be found by
titration of the remaining alkali in the reactionémixxura
againgt the same standard acid. This difference of alkali
could then be converted directly to{torms of NOy, replaced by a
simple caloulation. HCl was ohouon’as the acid most suitable
and a formmla derived to give the % of replacement directly
from the fitf@tionl had the following form:

.t
(a322,H01 P4t'n)(norm.HOL) _ (p0o o0 o NOp) = gms. NOp replaced,

‘wo 108 raplm.‘,‘MIQ“oof subgtance)
(wh.substance ] (no .NOpgroupsf (mol. wt . NOp)

x 100 = § of replecement.

To ehaurc equal conditions regarding COg-ebsorption
during heating, loss of alkalil by action on the gidass, etec., a
"ﬁlﬁﬁk“ was run‘vith each Bet of experiments, consisting of an
identidal concentration and amount of the reagent alone, whose
titration after heating wae taken as initial amount of reagent
used.

Phenolphthalein, unaffected by HNO,, was firet used
a8 an indicator snd worked very well for the "blanks". When
the reastio-mixture came to be titrated however, the first roal‘
difficulty arose. They were invarisbly of a deep red or brown
oolor which so effectually masked the color-change of the indie-
ator fhat the end point could not be determined within 8 oe.
Thie error becomea greatly magnified in the ealculation as will
be seen. Lessening the ooncentration of the acid gave a larger
titration but a greater error in determining the end-point.

It was observed that when acidity was established,
the muddy solution cleared with formation of a curdy blackish-



brown precipitate, leaving an amber solution. Back-titration
of excess acid caused the muddiness to reappear, but with no
greater success in determining the end point.

Methyl red was next tried, but with no greater gsain
in scouracy. A few other biologiecal indicators were tried also,

with no hottcr'rosult.

b
By observation of the first signs of the above mont;
joned precipitate (a2 sign of acidity) a consistent titration
eould be obtained for several compounds, while others gave an
obscure, gredually-forming preocipitate, and some no preéipitata
at all. Henoce this method was not sufficiently general. |

'
Seavsosernsveness

8.

The need of a new method of titration not depending on -
a oolorQohango was now felt , and led to the adoption of an
eleotrical condunctivity method whereby the abrupt ochange in
oonduotivity of a strong base (NaOH) during titration with a
strong acid (HC1), due to ohange from excess OH ions to excess
ﬁ ions, marks the neutralization point.

The reaction mixture was poured into & 400 oo beaker
and rinsed with distilled water to a volume of 250 ocec. The
heat of solution was allowed to dissipate before titration.

The apparatus wes dnito standard, being as follows:



~- 6~-volt storage battery.
high-frequency alternating

- ourrent inductence coil {hummer)

~ coiled-wire type of variable

resistance.

telephone receiver.

coiled-wire Wheatstone bridge

reading to 1/2000 of total

fall of potential.

B - platinized platinum electrodes.

B oKW
'

w3
=
'

The electrodes "E" wore made from two pieces of
Pt foil one cm. square, rigidly held one om. apart by glass
supports. The leads-were of Pt wire sealed in glass tubes to
within 4 om. of the foil. These had to be freshly platinized
at the end of about six titrations to maintain a sharp minimum
of sound. _

The readings were taken by immersing the two
electrodes into the solution in the beaker, and after running
in sbout B/5 the calculated amount of seid, "R" was ad justed
to give a weak hum in "T", The contaot roller of "B"™ was now
oscillated back and forth about the minimum sound position
until the ear became used to the minimum, which was then fixed
with as much accuracy as possible. This requires a quiet room
and considereble patience, and the end point is often discon-
certing in its eccentricity. The burette reading of the acid
and the dial resding on "B" are noted, and the process is repeat-
ed after the addition of every £ co. for about 8 or 10 cec.,
then every co. untii the dial resdings cease to increase and
begin to decrease, ending with a few more raédings 2-cc. apart.

The burette readings plotted against the disl

readings give a ocurve with a minimum at the burette resding
corresponding to the end-point. (See Plate 1.)
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It was subsequently found that: (i) The depth

to which the Pt foil was immersed (notwithstanding the glass
lead tubes) considerably influenced the sound minimum;
(41) the same effect resulted from the acoidental proximity of
anything such as the side of the beaker, glass stirring rod,
etc.; ($i1i) the minimum would be different if redetermined
after the solution had stood even too short a time for the
absorption of COg to have taken place appreociably;
(iv) the minimum for e "blank" titration was always sharp and
eonoave dowmward whereas the minimum for an actual run was
always more or less rounded and convex downward. (Minimum
here refers to the shape of the graph.) This faoct showed that
the complexity of the solution (ocontaining NaOH, NaOEt, EtOH,
Nacl, and the oréanio substance) was influencing the éh&po of
the curve to a degree that allowed as much error to oreep into
the determination of the end point as was experienced with an
indiestor. The formation of & precipitate at the end point
as mentioned under (b) also doubtlessly influenced the curve.

. Therefore the method was discarded in favor of
'a method which would not depend on the determination of the
8ma11‘amount of alkali used up in the presence of suoh a large
excess.

S B I gogmygwimgmg

_B.

"Nitron" (a2 handy ocommercial sbbreviation for

1:4 diphenyl 3:5 endoanilo 4:5 dihydro 1:2:4 triazole) is a

: sparingly
yellowish orystalline powder apavrssiy soluble in water and



alcohol, soluble in dilute acetic acid. When the acetioc acid
solution is edded to any solution acidified with dilute HgS0,
and warmed, any HNOz originally present (or set free by the
Hy30,) in the second solution is deposited on cooling in ice
water in the form of a EHO3 addition-product of nitron.31

' This addition-pro&nct of nitron nitrate is extra-
ordinarily insoluble in water, of the same order as AgCl and
Bﬂﬂo‘.aa HNOp gives a similar precipitate less insoluble, 33
and other scids such ae HO1, HpS0,, HAo, HzP0,, OgHgO00H, eto.,

&4

give no precipitate. The nature of the metal originally

associeted with the soid radical is immaterial.’®  Its use for

HOg-determination in organic compounds is oonfirmed,®® and Hp0p
may be used to oxidize liberated HNOp to'3303.57 Several
methods for its uéo are given, the simplest being aa\follo'a:35

Ad4 10-12 drops of dilute HpSO4 for each .1 gm. of
suspected NOgz per 100 ce.of solutioﬁ. Heat almost to boiling
and add 10 oco. of a 10% eoluéion of nitron in 5% acetic acid for
each suspected .1 gm. of NOz. Cool at 0°C. for 6-8 hours,
filter through a Gooch corucible containing Swedish filter paper,
washing first with a saturated solution of nitron nitrate, then
wkth 3-5 oo. water at 0°C. Dry at 110°C. Each gram of
dry precipitate represents .1228 gm. of FOp.

This is the procedure followed, with the modifiocat-
ions mentioned below, to suit the cirocumstances.

The reaction-mixture was poured into a beaker and

titrated with dilute acetic acid until the solution was just
decidedly alkaline as determined by spot-plate trials. In this



gtate it was evaporated almost to dryness to expel any aleohol.
(When NgOEt was used as a reagent, the alcohol present would
tend to dissolve the nitron nitrate). The distillate was oon-
densed and extracted with solvents to aid in identification of
compounds formed.

To oxidize the NaNO, to NaNOz;, 10 cc of a 3% solut-
ion of HgOp were now added, and the excess destroyed by boiling
again almost to dryness, TVWater was now added to loo cc and
the solution meidified with .1 N acetic acid (which does not
liberate HNO; from 1ts salta) to ocesuse the usual precipitate
formed on acidification. Thie curdy mass (if any) was filtered
-off and the washings added to the filtrate; any precipitate was
later trested for identification. The more or less light-color-
ed filtrate was now treated with nitron as described above.

In this way, several oompounds were analyzed, but as
usual, a flaw soon developed. It apparently depends upon the
nature of the orgenic compound whether the nitron nitrate comes
down as a true precipitate, a mass of fine white needles in
spangles, or a crystalline oreamy mass so fine that it passes
through the pores of the Gooch crucible. In some cases where
replacement was known to have taken place, no precipitate at
all could be induced either dy long standing (weeks) or by in-
noculation. All manner of variations of procedure were tried,
with no better rnaul&; exd it was finally decided that unless
the method would work for all compounds desired, it would have
to be disocarded, and a still different angle of the problem
approached.
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The next mode of attack was suggested by the
Kjeldahl method of nitrogen determination, namely, reduoction
of the nitrite to ammonia.

Aluminium in solid form was added directly to the
reaction-mixture in its oontainer, and a small piece of paraffin
introdnced to prevent frothing. On gentle heating, a vigorous
exothermic reaction set in between the alkali and the aluminium
with evolution of hydrogen and ammonia.

- Trials were made on known amounts of pure AghOp
‘treated with NaOH to provide a known amount of nitrite. The
gases evolved were led through & condenser and dntroduced into
a definite volume of standard HyS0, by means of an adepter
dipping under the surface of the acid. After the action was
over, the solution was boiled for a few minutes to drive out
all ammonia, and the excess HpS0, titrated with NaOH (.1 H.)
to determine the amount of ammonia produoced.
. In no case could over 75% of the calculated value
be exceeded, and after & few trials with actual runs of an

organic compound whioh proved no better, the method was dropped.

D.

————

In the presence of mercury, concentrated HpSO,

hes the property of decomposing HNOy and HNO, (or KNOz and

2
KNOp) into nitrie oxide at a moderate heat, quantitetively.

If this method could be hade practiocsble, 1t would be vory



very desiresble becsuse of the fact that precautions would not
be necessary to prevent the nitrite from oxidizing to nitrate,
g8ince both liberate the same equivalent of nitric oxide.

Trisls were made with kmown amounts of nitrite
(from Ag NOp) in an apparatus especially adapted for colleoting
the gas from contact with mercury. This will not be described
at this stage, sinace oxﬁctly the same apparatus was used for
the final successful method of analysis, and this present
method proved to be useless; nover more than 5-104 of the
expected volume of nitric oxide ocould bo.obtainod from the
knowm nitrite.

B,

An sppeal to H.S. Fry for information regarding the
method of analysis used by other workers in reporting results
on this replacement elicited the statement that no general
method was aveilsble. The following suggestion however was
submitted. |

When HNOp, is liberated from a nitrite in the presence
of hydriodic acid by means of the simmltaneous action of HC1
or Hy,80, on potassium iodide end the nitrite, nitrio oxide and
iodine are quantitatively liberated (or produced,) from the
HENOp, acoording to the roaotiops:za

2 NeNOp + £ KI +4HCLz 2 NaOL + 2 KC1 + 2 HgO + 2 NO + Ip
The iodine may now be titrated in the ususl manner:
Iz + 2 Nag8g0; = 2 Nal ' NagS,04.



In the hope that the end point of the titration
of the iodine using starch as an indicator would be more def-
inite than that of previous titrations attempted, trisls were
again made with a Imown nitrite before actual attempts to anal-
yz2e an organic compound were performed. The procedure was as
follows:

The solution of the nitrite being already neutral,
needed no preliminary partiallaeidifioation, 80 twice the oal-
oulated amount of KI was at once dissolved in the solution.

An excess of 1 N. Bél was run in from a pipette, causing the
nixture to turn deep amber from the liberation of the iodine.
Standard NagSg0y (.1008 H.) was run in from a burette until the
color had been almost removed, when a few drops of starch sol-
ution were added.’ Addition of further NapSg0g now produced an
apparent end point; however, as effervescence of NO was still
in progress, it was noticed that the blue color of the starch
compound kept reappearing at the surface of the mixture, and
required more NapSgOz to remove it. On vigorous stirring, the
clear solution could be transformea‘to a deep blue-black as
often as desired spparently. By the time an end point had been
obtained which lasted for five minutes, it was found that over
four times the required NayS;0g had been added!
Variations in procedure were now made such as:
(1) adding the HC1l and NapS8,0z very slowly and carefully to
avoid effervesence of BO as much as possible;
(11)adding almost the caloulated amount of HayS;0; before the
HC1 wes sdded, with the purpose of combining with almost



all fho iodine as liberated, soc that the solution could be
boiled to expel the NO without appreciable loss of iodine from
volatilization due to its low concentration. On titrating
the cooled solution for the remeining iodine and adding the
total volume, the amount of NapSp0jx ﬁsad was still far too
great, as was also the case in (1).
(141) Benszene was added to the solution before Aciditioation
to aot as a protecting agent to prevent the liberated NO from
sombining with the atmospheric oxygen at the immediate surface
of the liguid. It was thought that possibly the formation of
NO, at the surface might be the cause of the continued return
of the bdlue ocolor there. The iodine liberated dissolved in
the benzene however, and even the titration of that lodine
8t111 in the agueous solution required more NagSp0z than the
oaloulatéd amount. |
(iv) Instead of using NapSgOz , the iodine was titrated with
Klno4, which loses ite color and aots a8 its own indicator,
On running in .1 N. Kn0, from a burette into the strongly
acid solution (HpS04), it was found that the color was removed
Jjust as promptly after 10 times the ocaloulated amount had been
run in, as when the supposed end point was reached!

Hence this method had to be discarded, for if it
would not yield the true value of a knmown nitrate, it was much

less likely to do 80 in a more complicated reaotion-mixture.
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EXPERIMENTAL -- PART 1.

2.

Reasons for the final decision
against the use of alcohol as
a solvent

LR N N N NN J

In all the oases mentioned under(l) where different
methods of analyses were being tested, whenever an aotual
organic compound was used to provide the experimental condit-

ions of a typical run, either ortho or para dinitrobenzene:

+ +
NO,
_ .
N0y ‘ N0,

were chosen because they are the simplest poly-nitro éompounds
of benszene whioh should ocontain nitro-sroups of different pol-
arity. :

Now the repeated use of NaOEt, NaOMe, XOEt and XDMe
throughout the literature reviewed previously, as a reagent to
effect substitution of the nitro-group, is nndoubfodly due to
the faot that so few of the organic nitro compounds are soluble
in agqueous alkalies, phenols excepted. ‘

Furthermore, it has been shown that in a great many
cases the aotion of the alecoholate or alcoholic alkali is more
ocomplex than one would be led to suppose, whereas in those
instances where the aqueous alkeli wes used, the reaction
usually prooceeded more mormally.

It wees notioced in this investigation that the result



of the action of alooholic alkali on these compounds invarisbly
- was of & dark ohooolafo or muddy brown color with a slight
sediment. How‘thc expected replacement products, ortho or
para nitrophenetole (or possibly sodium nitrophenolate) are all
nearly solorless or of a olear red color. Hence here is proof
that seoondary reactions are going on simultaneously.

- Three efforts were made to avoid this possibility
by.tcstins other possible solvcﬂts in plaoce of alcohol, This
is rather difficult, since the requirements call for a solvent
in which both the alkali and organic compound shall be mutunally
goluble., Acetone will dissolve in a weak aqueous alkaline eol-
dtion, and most organic eompounds dissolve readily in acetone,
but its use is at onoe prohibited by its proneness to enter into

f

reactions.

(1) BENZENE -- Since organic compounds dissolve fairly
readily in benzene, it might be expected
that the reaction at the interface with
the aqueous solution of the alkali might
lead to complete substitution if the
two liquids were kept agitated for a
suffioient time by refluxing.

OBJECTION~- The bensene boils off and froths in the
condenser.

(11) BENZENE plus GCl, -- by "weighting" the benzene with
the heavier carbon tetrachloride, the
golution of the organic ocompound would dbe
foreed to boil up through the alkali,

OBJECTION~- The temperature necessarily must be low,
and even s0, the benzene tends to boil

away.

(111) WATER ---- By inoreasing the oconcentration of the
alkali, the boiling point may be 8o rais-
ed as to cause many of the orgenioc ocomp-
ounds to melt, forming an emulsion on
refluxing, which presents a resacting
surface of large extent.

OBJECTION-None except slowness of aotion .



The results obtained by the use of the aqueous
alkali alone as the reagent were so satisfactory that a further
innovation was introduced in the fo rm of an inert atmosphere.
Its purpose was meant to be twofold; it would prevent the oxid;
ation of any nitrite produced by exoluding atmospheric oxygen,
snd might possibly lessen any tendancy still remaining to form
complex products. The result was moat encouraging, producing,
in the case of para dinitrodbenszene, a clear red solution with
no trsece of sediment, The color almost exactly matched that of
s synthetic solution of sodium para nitrophenclate of the same
oconcentration, thus giving strong indication that the replace-
ment was as expected., The details of the procedure are given
later in PART 1I. This method was finally sdopted entirely.

f

EXPERIMENTAL ----- PART I,

-

8.

The final method of analysis evolved.

L N NN

With the apparent replacement teking place satisfact~
orially as desoribed just above, all that remained to perfect
the investigation was a certain method of analysis.

The author finally evclved such a method by combin-
ing the prinociples of methods "D" and "E" under (1).

-



It will be remembered that by the action of HI on
mog, nitric oxide was liberated simultaneously with the iodine.
Previous experience with the volumetric measurement of NO in
method "D" had not led to much encouragement; however, as a
last hope it was decided to ascertain if the gquantitative yield
of NO was more closely approached under these oonditions.

4 trial with a small amount of KNO, gave a much
larger volume then hed been obtained before, and more exsct
measurements were then undertaken using exact amounts of NaNO,
obtained from pure moz by double decomposition with NaOH.

2 AgNOp + 2 NaOH = Agg0 + Hp0 ¢ 2 NaNOp,

2 Nali0p + 2 KI + 4 HCl = 2 NaCl + 2 KC1 + 2 Hg0 + Ig + 2 NO.
Bach molecule of HNO, produces a molecule of no.,
The actual replacement obtained was 97.2 € of the theoretiocal.
411 that now remained to ensure success was & trial to be made
with an organic compound. As usual, para dinitrobenzene was
chosen, and the roaulting volmu-ot No given upon analysis
after 44 hours of refluxing was 94.2 %. of the expected volume
for total replacement of one nitro-group.
The sﬁccoutal method of analyeis had at last been
obtained.

LK N B R B BN B B BB Y

_NOTRE: Since for every NOg-group displaced from an organioc
oompound, a molecule of Nali0p appears, whioh in turn

gives rise to one moleocule of HO, the simple relation

Jolde that for every loiogiaplaooa from & gram-mol of

the organic compound, 22, co of NO at N,.T.F, are formed,
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The exact procedure of esnalysis will now be des-
oribed with the help of the diagrams opposite.

A 13" funnel "F" with a short stem fitted into the
short piece of rubber tubing "T" which fits tightly over the
outlet "O" from the stopeock "S" serves as s means of intro-
ducing the reaction-mixture from the refluxing flask into the
- reaction-buld "B", This is acocomplished by raising the reser-
voir "R", full of mercury,until it f£ills "B""S""O""DI"™ agnd "F"
up to the level "f*“, ¥S® is closed, "R" is lowered s few
inches below "B™, and about two grams of KI orystals are placed
dry in "F". "F" 48 now filled from the refluxing flask direct-
ly, "8" ia opened slightly, allowing the reaction-mixture to be
suocked into “B", being careful to always keep "F" at least 3 full.

When all the reaction-mixture and the necessary
rinsings of boiled water have been sucked through, "B" will be
robably ¢ full of the reaction-mixture plus dissolved KI, and
full of mercury. A small bubble of sir msy be loocated juast
below "S", VYR" is now lowered three feet below “B" to create
a vacuum space in "B"™ which effectually collects any dissolved
air or gas into a larger dbubble below "3" when the vacuum is
‘released by raising "R". This bubble is expelled by again
bringing the level of the liquid to “f", half £illing “P" with
boiled water and allowing it to run into "B™ until %“3wwown"pv
and "F" as far as "f" are full of water only, and "B" contains
no trace of air consequently. : '

A o The remainder of "F" if now filled with moderately
strong HCl which is allowed to run into "B" by lowering "R"and
opening "S8", When the level of the acid has reached "a", "S"
is tightly shut and the flask "B" well shsaken. If any replace-
ment has ocourred, "B"™ rapidly becomes half-filled with the
liberated N0, forocing mercury into R, "O" and "T" are now
ﬁill'? with boiled water by means of a capillary pipette (not
own) .,
"H" and "G" are the two bulbs of an ordinary
gas absorption apparatus which is fiXled with conoentrated NaOH.
A short plece of tubing oonnects “E", the cepillary, with another
piece of capillary tubing "C" about three inches long. By using
compressed air in "H™, the alkali in "G" is forced through "C"
until a drop hangs from "d". This drop is placed in contaet
with the top of the liquid in "T" and the free end of "C"
quiokly forced into “"T". :

By now raising "R" above "C" and opening "S",

the HO ie allowed to pass into "G"™ until the liquid in "B"
reaches "3", "3" is then closed tightly, "R" lowered away
below "B"; when raised again, as much &8 10 cc more gas will be
found in “B" that had previously not been given off. This is
passed into "G", and the process repeated as often as gas is
found to collect in "B" (msually ebout six timee; vigorous
shaking of "B" while under redunced pressure assists greatly.)

NOTE: The action of conc.NaOH on NO is very alow.59
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When the final bubble of gas has been passed over,
instead of causing the liquid in "B" to stop at "S", it is
allowed to flow to "e" thus forcing every last trace of NO from
"B" into "G", where the CO, liberated by the acid from the
carbonate always found in ghe NaOH used for the reagent is
abgorbed.

While the CO, is being sbsorbed in "G", "C" is
disconnected from the shor% riece of rubber tubing "F". (A seal
of 1iquid bYetween "e'"™ and "e" keeps the gas in "G")

A long piece of capillary glase tubing bent as
shown at "D" is fitted into "P", and when the CO, has been
removed, ocompressed air is forced into "H" to drive the liquiad
seal through the capillary. When the liquid which was at "e"
Bas almost reached the tip "N™ of "D", a pinchoock on the
compressed air tube is closed, keeping a small liquid seal in
rlace at "N" while "N" is being Being introduced under the
mouth of “"V", “V" 4 a gas-measuring tube graduated to 50 co
filled with mercury and inverted in a beaker full of mercury as
shom. When "N" is safely under the mouth of "V", the pinch-
cock i8 released and the NO completely transferred into "Vv,

D" {8 now removed and "V" (still inverted in twe
mercury) set aside to assume room temperature if necessary.

"B" is emptied and completoly‘rinud by successive
washings of hot water to be resdy for the next run. The liguid
emptied from “B™ may now be examined for recognition of the
product formed.

It 18 now seen that this technique provides a
method of acocurately measuring the volume of NO liberated
without allowing access of atmospheric oxygen at any stage.
When "V" has assumed room temperature, this is read on a therm-
ometer close by, the reading of the level "L" of the mercury
is taken, and the differenwve "h" between the two mercury levels
is moasured-by a smell celluloid scale. The gas in "V" is
assumed to be saturated with water vapor at the temperature "t"
if the tube "V" was wetted before filling with mercury.

If "w"= vapor preaauro of water at "t", "L" = vol.of gas,

"p"=z atmospheric pressure, then:

2.:.,’%5‘.'_2 (in mm.) 1'5'?%%5 x L = volume of NO at N.T.P.



THE REPLACEMENT OF NITRO-GROUPS
IN THE BENZENE RING.

8 000 e 000

EXPERIMENTAL - PART II.

1.

i

The various procedures used in effecting
the sctual replasement of the nitro-group.

o600 s00 o0

During the earlier part of this work, as has been
above explainod: practically all runs made were used up in
trials of different methode of analyses. BEot only did these |
trials prove fruitless, but in many cases fho technique of the %
aotual replaocmont-aption was at fault. -

In PART I, (2), reasons were given why the use of |

aloohol as a solvent should be abandoned, and in (3) the use
of an inert atmosphere was proven desirable.

_ Consequently, little will be mentioned regarding !
the early procedures, and more attention devoted to the final i
technique asdopted.

Duplicate samples of the compound in guestion were
introduced in amounte of .5 gm. each into thick-walled 5/8%-



bore‘softuglasa tubes some 30 cm. in length, having a round
geal at the bottom. If the substance was s0lid it was pulver-
ized before weighing; if liquid, it was weighed in a very thin-
walled glass weighing bulb which would break when droppe; into
the tube. The neck of the tube was then constricted, leaving
& small funnel-shaped end, through which half the desired vol-
ume of double-strength reagent was first introduced, followed
by sn equal volume of abmolute alcohol (when NaOEt wes being
uged) or of water (when NaOH was being used). This gave the
desired volume of proper eanoentratibn, and provided s means
of incidentally rinsing out the constriotion so that adhering
alkali would not prevent a porfoot sesal.

After sealing, the tubes were placed in & horizon-
t2l bomb furnace heeted by gas to 110-120°C. ky—ges. Consider-
able ditfioylty was experienced in keeping the temperature

constant,
When removed after cooling, the contents were in

all cases a deep choocolate muddy broyn color, with a resinous
sediment along that side of the tube that was bottom-most.

Taking the usual precautions regarding opening
the tubes, no pressure was ever experienced on opening any
tube containing nitro compounds.

Exaotly similar tubes were later heated in a
c¢ircular rack suspended in & boiling water bath. The temper-
ature could thus be kept constant, but admitted of only one
regulation. By first heating the tubes to about 90°C., cooling
to 70° and vigorously shaking before final rsising of the




temperature to 100°, the solution of the compound in the reagent
was assured. 8ince the heating could not be continued over-
night, a similar opportunity was taken for shaking each morn-
ing, as in some cases the tubes were heated for a total of 48

hours.
Despite the faot that the tubes were shaken, evid-

ence was sometimes found of undissolved product, and as the

method of snalysis being tried at the time did not allow the

use of a larger volume of reagent, a second procedure was tried.
To allow greater agitation during heating, the

principle of refluxing was tried. The weighed samples were

introduced into 150-0c Florence flasks and the reagent added

in two portions as before to facilitate rinsing. Small upright

water oonﬂanlofs were attached, fitted with CaCly-tubes at the

upper extremity to exclude COp which would change the concen-

tration of the alkali during the long peried of refluxing.

The flasks were heated to the boiling point of the reagent

(80-85°C. depending on the concentration of the NaOEt) on an

electric hotplate. No trouble was experienced with bumping.
This method led to the final one adopted of re-

fluxing with water solutions of NaOH, and very little ochange

in the mode of heating was made until the inert atmosphere

idea was introduoced, whioh will next be desaribed.

068 6080089 ASLLEEssse

As an inert atmosphere, hydrogen was first used
but eoon discarded as being too dangeroys. Nitrogen then was
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adopted, beinéf%irstvmanufaotured by passing ammonia from a
tenk of liquid ammoﬁia over heated copper oxide 4in a long
pyrex glass tube:

2 NHz + 3 Cn0 = 3 Cu + 3 HgO.
Later, a tank of compressed nitrogen free from oxygen became
available. The actual mode of operation may be followed from

references to Plate III opposite.

The substance and reagent are introduced in the

- 160-ce Brienmeyer flask “E"™ which is connected to a small
water oondenser "C" by means of a tight rubber cork. A flex-
ible rubber tube "T" gbout two feet long and of %"-bore is
connected to the upper end of the condenser tube.

The free end of "I" is now connected to the tank
of nitrogen, the sork "R"™ loosened, and "T""C"and"E" are thor-
oughly swept out with nitrogen. With the nitrogem at sbout
10 lbs, pressure, the cork "R" is tightly fitted into "E" and
the pinchcoock "P" closed before removing "T" from the nitrogen

supply. !

"T" is now slipped over one of the arms of a five-
armed glasss joining-tube "J". The rubber connections of three
8imilar condensers are conmnected to the remasining three free
arms of "J" while the fifth arm is connected to a tube "S"

"R" 18 a reservoir of nitrogen from which the gas
can be foreed by opening the valve "W" allowing water to flow
in and the gas to escape through the valve "V",

Vhen 2l1 four condensers with their appended
Erlonmeyers are in readiness, the four pinchcoocks (P| are open-
ed one after the other, allowing the nitrogen under 10 1bs.
pressure in the four systems to escape and sweep out all the
air in "S™ which is immediately connected to the valve "V"
which is then left open.

. A small non~-luminous flame about " in height is
now 1lit under the lowest portion of the Erlenmeyer flasks, an
ordinary Bunsen burner being quite suitable. The capillary
glass tube "G" open at bothends, serves admirebly to prevent
"dumping®

The four condensers are olamped at a slight angle
in stands, and the water may be run from one to the other in
series. It is important that "T"™ does not collapse at the point
"T", otherwise a sudden bump of the liguid will blow the flask
off the oondenser instead of being dissipated in the reservoir
"R" whioh is only needed for such an emergency.
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EXPERIMENTAL -- PART II.

2.

Pables and discussion of results.

LG R B B B R BN N

‘Iho fact has already been often mentioned that the
early part of this work was teken up in a search for a suiteble
method, and until this was discovered, the results obtained
were of little.nao. However, in a few cases, one mode of
analysis was used long enough to meke a few comparaisons of the
influence of varying such factors as time, temperature, normsl-
ity of reagont: oté. A fow of these will be included.

In all, over 75 separate runs were made and used in
the search for the proper analysis; another 25 were made in
perrocting the final method and in making larger quantities of
the compounds for identification, and finally, 47 runs have
been made to date using the finai method, with plans laid out
for several more to be subsequently done.

The chemicals used were purchased from the Bastman
Kodak Chemical Works of Rochester, N.Y,, U.S.A. The M.P. of
those compounds common enough commercially to have consistently
uniform M.P.data recorded, was in each case found to be suff-
iciently olose to the recorded value to warrant the assumption
of probable sufficient purity for those compounds which have
inconsistently recorded melting points.
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TABLE 1.

Samples of dinitrobenzene, refluxed with alcoholie
NalOH, and analyszed (?) by titration with indicator.

iso< weight| reagent |temp.| time|replacement
mer [in gms.|co.|norm)( °C.)|hrs) [calc.|obs.
1| o0 | .6000 |BO | .500| 84 6 | 60% | 38.0%
21lo " " . " 11 " |41.8 | favorable
- 0 . hod hd » 24 " 42.4 to
4 | o " " 1.910| 88 6 " |76.4 theory
6 |m " " 1.128]| 79 24 0 }|36.0
6 | m " »|.200/81 | 15 | 0 |43,0 [wfavorable
7 | p " » | ,500| 84 B |50 |44.9
8 P » n » " 8 " 33e3
® |y b » " " 18 " 41.8
10 | p " " " . 24 " 143,0 | favorable
11 | p PR.0000 * 1.183| 80 2b w 23,8
12 | »p 8000 | " |,871(120 6 " 47.8
13 | p R.0000 " 1,910 88 6 " 68.5

Runs 1.é,3, show an increasing replacement with inorease
of time, other circumstances being equal.

Runs 8,9,10, show a like relation, indicating that the.
- progress of the reaction slows up at the end of sbout 15 hrs.

1,4, show increased replacement with increase of con-
centration, dbut 4 exceeds the theory. |

Like relations could be drawn from the following two
tables, but the acouracy of the results do not warrent it.

In commenting 6n the favorability, only the genersl
trend of the figures is taken into account, no attention being
raid to such exceptions as 4 and 13.

In the following cases, the signs attributed to the

groups are distributed in such a way as to satisfy the polar-

1ty of the greatest number of groups eccording to the scheme
given on page IV of the INTRODUCTION.




TABIE 2.

Semples of various compounds, refluxed with

alooholic NaOH, and analyzed (%) by the

electrioal condnotivity titration method.

iso- vuightl reasgent| temp] time|replacement
mer [in gms.| co.[norm}°C.) |[(hrs) [cale.| obs.
14 8800 | 5O II1:11 79 24 | 0% %
- ] ™ ’ 108
16| - [1.0000 |60 {.185| 80 | 26 | O | o.5 | Favorable
NITRANILINE
16 -] ™ mo 50 - 500 81 44 0 7. 5 ]a‘OTQh le
17| m [{1.0000 {50 [.500} 81 44 |100 |46.0 "
13 P {1.0020 | 5O |.B00 ]| 81 44 0 » »
| | NITRO AMINO TOLUENE
19|3:4 | .9990 |60 |.500| 81 Lo 0 0.0 Favorable
30 4:2 [1.0000 BO « 500 81 ' 44 0 14. 5 Unfa¥Yorable

NHL NDz

NHz

NH,

NO,_

In 14,16,18, there should be no question about the

indicated polarities; in 17 it is evident one group must have
& polarity contrery to its tendenoy, and in view of the ob-

served replacement, the NOp group naturally is chosen.

In 19 and 20, no arrangement will give all groups their
- normel polarity; in each case two have been satisfied with the

result that the replacement in 20 should not be expected.

In all ocases, there is a sufficiently large excess of
reageont always added to combine with all the NOp in the aom-
pound plus a generous excess to displace any possible equilib-

rium,
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IABLE 3.

Samples of various ocompounds, sealed in tubes
with alooholic NaOH and heated in & water bath.
Analyzed (?) partly by eleotrioc titration
(designated by #) and the remsinder by titration
with an indicator.

isoq weight| re $ |[temp.| time| replacement
wer [in gnms. oo.inormj(°c.)!hrn)'33§3. obs,

NITRANILINE

81| o (1.0000 |80 |-B62 51 | 0% |11.¢4 #

22| o [1.0000 |22 !.476 52 | 0 |15.4

28| o [1.0000 |22 |.476 0| 0 |19.9 Doubtful

24| m (1.0000 (24 |.BZ1 4 |100 |23.4 $

25| m [1.0000 |20 |.562 80 |100 |38.8 Favorable

25| m | .9940 |28 |.476 54 [100 [31.0

26| p |1.0000 |24 |.531 4| o |12.8 ;

27| p [1.0000 |20 |.B62 51| 0 | 9.0

28| p [1.0010 |22 |.476 52 | o 7.4 Favorable

29| p | .9990 (22 |.476 0 | 0 |[26.5
NITROTOLUENE

30| o {1.0000 |24 |.B81 4| o |12.3 |#

81| o [1.0000 |22 |.476 B2 | O |[16.4 Doubtful

32| o [1.0010 |22 |.476 70| 0 [19.9

58| m | .9940 |22 [.476 NOoO0 | 54 [100 |31.0 Pevorable

34| p |1.0010 |22 |.476 100 | 58 | © 7.4

25| p | .9990 |82 |.476 100 | 70 | O |26.5 Doubtful
DINITRONAPHTHALENE

36{1:5| .7010 zg .4821183 g gg ﬁ.g

37|1:6| .6980 |26 |.48 .

28(1:5(1.0000 |24 |.668 100 | 30 | 60 |26.8 Pavorable

39(1:5/1.0000 |18 |.374 D00 | 32 | 50 |26.4

40|1:8 (1.0000 | 24 |.B62 mg »g% 8 gg.g

41 1:8 1‘0000 M ¢552 PY

42{1:8/1.0000 |18 |.374 oo | 28 | o |e25.0 |4 {Imfavorable

4%11:8/1.0000 | 18 |.374 [100 31| O |25.9

Runs 21 to 30 show the influence of time upon the result

very well, since temperature is constant and concentrations

nearly so.
The results are discussed on the next page with the

formulae.
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Referring to the formmlae for nitraniline given on
page 31, the unexpeoted replacement in rune 21,28,23 may be due
to aotion on the electromer, since it is seen that the rate of
substitution is very slowly increased with time. This would
indicate the slow aonversion of the stable electromer to the
unstable one.

The same explanation may hold for cases 30,31,32, for
here the groups have their proper sign and no replacement
should be expected. For 33, as in the ocase of 17, the polar;
ities pust be ohosen. Since replacement has occurred, the NO,
hes been given the negative, |

| The results for 36 are exactly as predloted; for 40
they are not. In 1:8 dinitronaphthalene, a8 was shown on page
7, there are two positive positions in the 1-8 carbon atoms,
or if the formula be turned up side down, there are two negat-
ive positions. Since N, tends to aet positively, it is logie-
al to assume the tvo nitro groups would ocoupy the two positive
positions, and would have very little tendence to ro#ort to
the electromer. The faots in runs 41 to 43 do not bear this
out. '

| The melting points of the various compounds separated
from the reasotion-mixtures as indicated previously, are here

appended, and 30 not favor the theory of straightforward
substigution.
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0 m
M.P. of dinitro benzenes (g) 117 90 1%1
M.P. of nitro phenetoles : 58 b8
M.P. of nitro phenols 465.8 96 114
M.P. of compounds found from (a) 46 68
M.P. of nitranilines (d) 71 114 146
M,FP. of amino phenetoles . (all 1iquids)
M.P. of amino phenols o 170 123 1844.
M.P. of nitro phenetoles 58
M.P. of nitro phenols 45,2 96 114
M.P. of compounds found from (b) 63 137 139
M.P. of nitrotoluenes (o) -10.5 16 b2
M.P. of methyl phenetoles '
M.P. of methyl phenols (ali liquids)

M.P. of compounds found from (o) 38,51 47, 52 128,138

Here 81l the possibilities of substitution are taken
into accommt, snd only in the ocase of the dinitrobenzenes are
the products of the goaotion positively identified.

8ince any mothhd depending on titration would not
necessarily show from the analysis whether it was the nitwo
group being replaced or not, melting point data is essential
for ascertaining the course of the reaction. In the final
analysis sdopted, the replacement of the nitro'groyp is positively
identified, since NO can only bo.fbrmod from the nitrite liberated.
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TABIE 4.
Various compounds refluxed in an atmosphere of
nitrogen with aqueous NaOH, and analysed by the
author's own method.

Before giving the table, it may be mentioned that
the produots of reactjon from ortho and para dinitrobenzene
were positively recognized as ortho and para nitrophenol. In
the case of the meta compound, it was recovered praotically

quant%tatively unchanged, agreeing very well with the analysis
result.



TABLE 4.

meight. | Vol.of NO at N.T.P.| % Replacement

(1) | AgNOo £997 1. 43.6 calc.|40.2 obs.| 100 cale.| 92.3 ob

* . . . . . . 8
(2) | AgNO, | .2998 | 43,6 ™ 41,6 " (100 " [95.1 o
(2) | AgNO; | 2997 | 43,6 " [42,3 " |00 " [o7.1 =

time| % replacement
{hrs)| caloul. q obs.
“ v007 | 50 n%ugmonmms
0 . .01 15 50| 32.6| ¢
#5| m | .7010 |60 | 1.0 4 o| “m.g| *Tevoreble
46| m 3616 [ BO| 1,0/ 15 0| 38.b favorable
47| m | .5018 | 50 | 0.5 | 44 0| 6.4
48| p .%488 | 50 | 1.0| 0.5 50| 45.8 |
49| p 3602 (60| 1.0 1.5 50| 44,7 | favorable
80| p 3494 | 50 | 1.0 44 50| 47.1
51 2995 | 60 { 0 & ol o.0
o . ) . +0 .
52| o - | .3025 | 25 | 2.0 |17 o| o.0| Ttevoradble
55 m 03”5 50 100 5 100 or 0 0.0 )
$4| m 30156 | 26| 2.0 |16 |100 or O| 0.0 | doubtful
65| m .3060 | 85 | 5.0 |17 |100 or O| B.5
56| p .2995 |60 | 1.0| 3 o| 0.0 ‘
57 p | .2004 |25 | 2.0]|17 o| o0.,0| favorable
: . NITROPHENOL |
68l m « 3052 26 2.0 | 17 l 100 0.0 | unfavorable
| ¥ ITROTOLUENE | <y’
59| m 25 | 2.0 (17 [100 or O| 0.0 O.JBZ ?
| DINITROTOLUENE | ;
60|2:4 | .4230 | 26| 1.0 | 2.8 ol 21.1 CHg .
61(2:4 | .4250 | 85| 2.0 6 0| 29.8 Nez ?
62|2:4 | .39085 | 285 | 4.0 | 20 0| 20. -
| TR IN ITROTOLURNE 5 s &
63|sym | 5008 | 25 | 1.0| 3 0, 32. NO2 n?
64|sym | .5036 | 26 | 0.6 | 24 (KOH) O 31.2 Not
: TR IN ITROBEN ZENE E .
64|sym | .4980 | 25 | 0,5 g (KOH) 0 2{.2 NO,
65 Bm 04980 25 4.0 ' 0 . + O +
66|sym | .4038 | 25 | 2.0 | 40 J 0| 0.6 | oS JNo,  unf,
67|sym | 3990 | 285 | 2.0 | 60 0| 28.9
TR IN ITROPHENOL b X
68(sym | .5002 { 30| 0.5 | 4 (KOH) o] 12.8 | ™ L e
69|sym | .5027 |20 | 0.5| 8 (KOE) O} 24.1 r '

-



TABLE 4. (oont.)

iso-| weight | reagent | time| % R%lgoomont
mer | in grm| voi[norm| (hrs){ecaloul. obs (
DINITRONAPHTHALENE
70 | 1:5 | .4987 |50 | 1.0 8 50| 0.0
. . 85 4.0 20 50 000
78 | 1:5 | .4996 |86 | 6.0/ 18 50| 7.6 _\/\J
74 [ 1:8 | .5000 |85 |10.0( 16 50| 9.,7[™%
76 [1:8 | .4967 |50 | 1.0| 8 0 8.6 o, ro
76 |1:8 | .4984 |50 | 2.0 | 43 ol11.8 t
ALPHA-N ITRONAPHTHAILENE +
78 L8963 |25 | 2.0 15 0| 0.0 ~ &
79 .3090 |85 |10.0] 15 ol 0.0
TRI NITRONAPHTHALENE
80 1& +«5012 26 2,0 0.2 0]11.7| « + o
81 |1%8 | .B06% |25 | 2.0 18 0| 3.4 | N0, Koz
82 (188 | .5078 (85 | 5.0| 8 o] 17.0 R
8% |188 | .B0o2e |26 | B.0| 12 0| 20.0 Ne,
84 {128 | .BOB6 |26 | 5.0 | 24 0| 16.2

Diaonnuing this table in full would be a 1aqsthy
proéols; the figures speak for themselves.

Runs 44_to 50 need no opmmont; nitraniline was
discussed on page 31, but runs 53,54,55 would tend to show that
the £ondonoy for the nitro group to be positive is greater than
the tendenoy for the amino group to be negative in the mets
form, where one must show its superiority. This odntrudiota
the conclusions in teble 2. Run 68 1s decidedly eontradiotQ
ory. Runs §9,60,61,62 are doubtful because of the poesibility
of tautomeric change to the eleotromer being very great.

Runs 63 to 69 are,however,unfavorable; the groups
all hsvo-thoir proper sign, and especially in the case of 68 and
69, there should be no tendency whatever towards electromerism.

Runse 78,79, are entirely as expected, whereas
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runs 70 to 77 are almost contradioctory. By referring to the
formulee, the 1:5 isomer has certainly one repiaoodble group,
while the 1:8 could only show replacement by most unlikely
electromerism. The replacement noted must, howovar; be due to
this changs. This brings us to the final case where
in 1:3:8 trinitronaphthalene, the thtoo positive NOp groups
should show the least tendenay of all towards electromerism.
The results deny this. |

In practically all of Table 4 the time factor is
used in arranging the results -~ this may not be the best
arrangement, for the speed of reaction is dependant on two
factors: (1) the rete of action of the reagent on replaceable
groups, (4ii)the rate of tautomeric change in an effort to
produce replaopablo groups. nless many experiments are
carried out with a determination of these rates in view, no
satisfactory results or conelusions can be made.

Attempts to identify products in most cases tend to
show that possibly more complex reactions have bepn taing place
than has been suspected, exactly the result that many other

workers have found.,
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In conelusion, the suthor wishes to make clear
the fact that he believes either (i) the Electronic theory of
alternate polarity does not hold, or (1ii) that the tautomeric
changes predicted by the theory so predominate as to render
any speoulation on the course of an untried replacement futile.
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